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M easurement at CDF

At CDF, we aways deal with amixture of quark and gluon jets:
N=ng Ng + Nqg Ng, where N is multiplicity per |et

Dijet and photon-jet events have different fractions of gluon jets :
N,=n,INg +(1-n,"1)Nq

Provided one knows ngjj and nng, the ratio N;/N , allows to extract

theratio of multiplicitiesin gluon and quark jetsr=N/N,.
Ni/N,=(nJ) r + (1- n) / (2-n)r + (1-n 1))

Caveat: gamma-jet events have a fraction of fake gammas, i.e. they
have afraction € of jet-jet events.

N,;= (1-8)(ny"'Ng +(1-n")Ng) + & Ny
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Ny - multiplicity in “photon”-jet sample(including fakes)
ij - multiplicity in jet-jet sample
EV - fraction of real photons in photon-jet sample
N J] - gluon fraction in jet-jet sample(CTEQ4M)
nlgeal J - gluon fraction in 100% pure y-jet sample (CTEQ4M)
ag - correction factor due to fakes(ratio of multiplicities of a
jet opposite to fake and aregular jet)

r=1+



Multiplicity in gluon and quark jets

e The same set of equations allows to measure the charged
particle multiplicities in gluon and quark jets:

N;=ng! Ng + (1-nJ))Nq
N,;= (1-8(ng"Ng +(1-ng")Ng) + € Niye

Gluon jet multiplicity: Quark jet multiplicity:
_ INj; _ Nj
Ng =— Ng = P
nd (r -1)+1 nd(r-1)+1



Final results

e Theseresultswereblessed at Jan 10, 2003.
CDF PRELIMINARY

Jet Energy 40 GeV 53 GeV
Jet multiplicity in dijet events, N, 5.99+0.03 6.88+0.04
Jet multiplicity in “photon”+jet events, N, 5.28+0.04 5.92+0.08
Fraction of gluon jetsin dijet events, n /! 0.612+0.006 0.585+0.008
Fraction of gluon jetsin pure y-jet events, ngM' 0.216+0.009 0.256+0.015
Fraction of real photonsin “photon” +jet events, £, | 0.74+£0.04 0.90x£0.07
a-correction, a=N;y. i / N; 1.046+0.013 1.029+0.022
Multiplicity in gluon jets, N, 7.02140.0820.80 | 8.2540.1440.93
Multiplicity in quark jets, N, 4.36240.12+0.57 | 4.95240.1920.79
Ratio of multiplicities, r=N /N, 1.6140.0820.16 | 1.67+0.13240.26




Final results

Momentum-dependent ratio.
Theresultswere blessed at
Jan 10, 2003

CDF PRELIMINARY

£ r(§) | Stat. | Syst.

error error
025 | 057 | 052 | 055
075 | 050 | 014 | 035
125 | 1.04 | 016 | 0.12
175 | 139 | 015 | 0.36
225 | 161 | 017 | 0.30
275 | 178 | 016 | 045
325 | 172 | 016 | 028
375 | 193 | 022 | 054
425 | 176 | 023 | 0.40
475 | 174 | 037 | 056
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Remaining question from the blessing:
ener gy scale for multiplicity evolution.

e Energy scalein theory.
— Alwaysonly two jets A

— Multiplicity of partonsis given for the small cone, 8., around jet
direction

— Energy scale for multiplicity evolution: Q=E; 6,
— Multiplicity of hadrons: Npgrons=K* Nparions( Qs Qeutoft/N) >

where K is normalization constant which is the same for quark and
gluon jets, Q. 1S perturbative cascade cut-off (can be taken as

low as ).

— For the case of big cones, energy scaleis: Q=2E, sin(6,/2)
— Inclusive multiplicity in e*e — hadronsisgiven by:
NincI=2Nquark(Qv ec~Tc chtoff//\)= 2Nquark(2Ejet; chtoff//\)
— the scale for inclusive multiplicity (all particlesin hemisphere)
injetis 2k



Remaining question from the blessing:
ener gy scale for multiplicity evolution.

e Energy scalefor experimental results.

CDF: Q=E; 8, where 6,=0.47
Inclusive multiplicity: Q=2E;
CLEO-95 and OPAL 96-99 results only

Unbiased gluon jetsfrom 3-jet events Sq Sﬁ
Two scales proposed (hep-hp/9904455) —) POoLe = 979
OPAL 2001 (hep-ex/0111013) Sqq

Biased quark and gluon jetsfrom 3-jet events
No single scale... Results can’'t be directly compared with theory!

All other results from e*e machines (HRS, SLD, ALEPH, DELPHI,
OPAL 91-96)
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Plot for Re-blessing

Comparison of CDF Measurements of the ratio of charged _
) particle multiplicities in Gluon and Quark jets
resultson ratio, =N /N, 3
with theory and unbiased ;
experimental results. | LLA, r=C,/C_=2.25
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Plot for Re-blessing

 “Propaganda’ plot.

The purpose is to show

the evolution of History of measurements of the ratio of charged
particle multiplicities in Gluon and Quark Jets

measurements 3,
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Plot for Re-blessing
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Plot for Re-blessing

 Momentum-dependent ratio:
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Plot for Re-blessing

Charged particle multiplicity in gluon jets

— 3NLO fit {NF=3, A=1.03 Gev, K=O.288), dremin, Gary
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Charged partlcle multlpI|C|ty in quark jets

e 3NLO flt (Ng=3, A_O 322 GeV, K-O 216), Dremm, Gary
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 Comparison of multiplicity in gluon and quark jets.




Plot for Re-blessing

e It'sthe same plot
ason dide 12
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